Entities are further categorized into those that are the object of the measurement ('assayed components') and those, if any, that are subjected to targeted and controlled experimental interventions ('perturbations/interventions'). These two core categories are related to the concepts 'perturbagen' and 'target' in the Bioassay Ontology (BAO 2 ) and capture an important aspect of the design of experiments where multiple conditions are compared with each other in order to test whether a given perturbation (e.g., the presence or absence of a drug), causes a given response (e.g., a change in gene expression). Additional categories include 'experimental variables' , 'reporters' , 'normalizing components' and generic 'biological components' (Supplementary Data).
SourceData: a semantic platform for curating and searching figures
To the Editor: We present SourceData (http://sourcedata.embo. org), a platform that allows researchers and publishers to share scientific figures and (when available) underlying source data in a way that is machine readable and findable. SourceData is unique in its focus on the core of scientific evidence-data presented in figuresand its ability to make papers searchable based on data content. It is aimed at bridging the conventional visual and narrative description of research findings with a machine-readable representation of data and hypotheses.
In molecular and cell biology, much of the data that result from hypothesis-driven research are exclusively available as figures or tables in published papers. In spite of their importance for the understanding of biological processes and mechanisms of disease, these data are not available in formats that allow systematic mining and in-depth analysis 1 . For example, a scientist interested in comparing the available data on the effect of a new drug on a specific cancer cell line currently has to rely on keyword-based searches that are often limited to paper abstracts and titles. Such search results often lack specificity, and the researcher then has to screen many figures to identify results that can be compared side by side across multiple papers. With SourceData, we provide an integrated platform that makes such data-oriented searches intuitive and efficient.
The diversity of the data types and assays used across disciplines in molecular and cell biology makes it challenging to represent experimental results in a uniform way. To address this issue, we summarize key aspects of the experimental design-first, by listing the biological entities involved in an experiment and, second, by categorizing them into broad experimental roles. Seven types of biological entities are captured that span several levels of biological organization, and they are linked to identifiers from ten major biological databases in order to reduce nomenclature ambiguities (Supplementary Table 1 ). Directed graph may benefit from this approach, since it could help readers to put results that are not peer reviewed in the context of published data or related data presented in other preprints.
SourceData currently strictly separates descriptive metadata from the interpretation of the results. Further extensions may include additional information from the full text-for example, from methods sections or from the sentence surrounding callouts to figures to extract interpretative statements from the authors. In its current implementation, SourceData is primarily dedicated to the prospective curation of new published content by journals' in-house curators, external curation services or directly by the authors themselves. For retrospective curation of legacy content, dedicated automation solutions will need to be developed. In particular, it still remains challenging for automated natural language-processing algorithms to determine whether a given entity is subjected to a perturbation or is the object of a measurement. Solving such difficult problems will require advanced machinelearning approaches, which will greatly benefit from large training sets such as the one provided by SourceData to the community.
Data availability statement.
Source code for SmartFigures is available at http://github.com/source-data/smart-figures. Neo4j scripts are available on GitHub at http://github.com/source-data/sd-graph. The SourceData curated information is freely available for download and reuse through the public RESTful API at http://api.sourcedata.io under a CC0 license.
A Life Sciences Reporting Summary is available.
Note: Any Supplementary Information and Source Data files are available in the online version of the paper. (doi:10.1038/nmeth.4471)
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Robin Liechti
Based on the above framework, hypotheses that were tested experimentally in published papers are represented, in SourceData, as directed relationships between 'interventions' and 'assayed components' that co-occur in a figure panel. These pairwise relationships are assembled into a directed graph where nodes are unique entities, and directed edges (or arrows) link an intervention/ perturbation (the source of the arrow) to an assayed/measured entity (the target of the arrow) (Fig. 1) . Leveraging the connectivity of this graph, the SourceData search engine enables users to find data (linked directly to the corresponding papers) reporting the outcome of a specific experiment (see video at https://vimeo. com/sourcedata/60sec and search bar at http://sourcedata.embo. org). Search results return papers that include experiments testing the queried hypothesis (e.g., "what is the effect of epoxomicin on Src?"). Papers are ranked based on the number of experiments testing the queried hypothesis, and the results can be further filtered based on organism, experimental assay, journal or author name. Results that are only reported in figures but not in the abstract or title, and that therefore return no results in PubMed, can however be retrieved in SourceData (e.g., "does the drug GW4869 have an effect on MIR122?" or "does galactose influence ATG8?"). In addition, search results display 'visual snippets' of the figures that are directly relevant to the search query.
Figures can then be visualized in the SmartFigure viewer, which displays an individual panel in the context of related data published in other papers. It also allows readers to navigate from one figure to the next by following the directional relationships between entities. This application can be embedded in web pages-for example, in the online version of research articles (see http://smartfigures.net for a demonstration of SmartFigure integration into published papers). The SmartFigures Javascript application is built on top of the SourceData public RESTful application programming interface (API). This architecture facilitates the development of further applications by third parties. It was chosen for the purpose of implementation in a publishing environment because it does not require any modification of publishers' XML-tagging language, and it makes updates easier.
To facilitate the interrogation of the SourceData database, we provide the curated information in the form of a neo4j (neo4j.com) graph database as well as examples of scripts to perform complex queries, such as network motif searches, that involve multiple connections between experiments published across several papers (Supplementary Software and http://github.com/source-data/ sd-graph).
In conclusion, we provide a suite of freely accessible tools that make figures and the associated data easily searchable and will contribute to promoting access to published data [3] [4] [5] . These tools include: the SourceData curation tool (http://curation.sourcedata.io), a data-oriented search interface (http://search.sourcedata.io), the SmartFigure application and a public API (http://api.sourcedata.io) that provides programmatic access to the resource. The platform was designed for a journal publishing workflow, but the platform can be adapted for use in additional cases. In particular, preprint servers 1 nature research | life sciences reporting summary Life Sciences Reporting Summary Nature Research wishes to improve the reproducibility of the work that we publish. This form is intended for publication with all accepted life science papers and provides structure for consistency and transparency in reporting. Every life science submission will use this form; some list items might not apply to an individual manuscript, but all fields must be completed for clarity.
For further information on the points included in this form, see Reporting Life Sciences Research. For further information on Nature Research policies, including our data availability policy, see Authors & Referees and the Editorial Policy Checklist.
Experimental design 1. Sample size
Describe how sample size was determined. n/a
Data exclusions
Describe any data exclusions. n/a
Replication
Describe whether the experimental findings were reliably reproduced.
n/a
Randomization
Describe how samples/organisms/participants were allocated into experimental groups.
Blinding
Describe whether the investigators were blinded to group allocation during data collection and/or analysis.
n/a
Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.
Statistical parameters
For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the Methods section if additional space is needed).
n/a Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)
A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same sample was measured repeatedly A statement indicating how many times each experiment was replicated
The statistical test(s) used and whether they are one-or two-sided (note: only common tests should be described solely by name; more complex techniques should be described in the Methods section) n/a 9. Antibodies
Describe the antibodies used and how they were validated for use in the system under study (i.e. assay and species). n/a
